Background: Ecbolium viride commonly known as green shrimp is a medicinal plant that grows well in the tropical and temperate regions of the world. International criteria for validation and standardization of herbal product as phytomedicine include the integration of microscopic characteristics of herbal drug to guarantee its authenticity. Objective: The present study was therefore undertaken to evaluate the macroscopic and microscopic characters of the leaves and roots of E. viride, used in traditional medicine for treating jaundice. Methods: Leaf and root sections of E. viride were sectioned with rotary microtome and microscopical features were examined using bright field microscope. Results: Anatomical characteristics such as crystal distribution in leaf, secondary xylem and vessel elements in root, glandular and non-glandular trichome in powder microscopy are some of the unique features of the plant with taxonomic value. The most distinguishing anatomical feature of this plant is the presence of cystolith calcium carbonate crystals. Conclusion: Morphological and anatomical parameters presented in this paper would serve as a useful gauge in ensuring quality formulations of drug preparation and in determining the genuineness of the drug.
INTRODUCTION
Plants form the basis for traditional medicines throughout the world for thousands of years and continue to provide new remedies to mankind. [1] Plants are rich in bio-active constituents with potential therapeutic activities. The foremost step in using plant based drug involves their correct identification based on macroscopic and microscopic characters. Today this simple approach in establishing the identity of plants is highly neglected in the validation of plant drugs.
Ecbolium viride (Forssk.) Alston is a perennial woody shrub which belongs to the family, Acanthaceae. It is commonly known as Green Shrimp, Green Ice Crossandra, Turquoise Crossandra, Sahachara and Blue Fox Tail Nail Dye. In Tamil, it is called as Nilambari and in Sanskrit, Neela Sahachara. It is distributed in India and also in Arabia, Malaysia, Sri Lanka and Tropical Africa. The whole plant is used in traditional medicines of Siddha, Ayurveda, Unani and Folk. Leaf has been used for the treatment of fever, [2] gout, dysuria [3] and stricture. [4] In traditional medicine, the aqueous extract of dried roots of the plant has been used in treating jaundice, [5] rheumatism [2] and menorrhagia. [6, 7] Phytochemicals such as luteolin, orientin, isoorientin and vitexin with unique biological activity were isolated from the plant. Flavones and glycoflavones have also been reported from this plant. [8] The plant has been screened for various pharmacological activities like antioxidant, [9] anti-inflammatory, [10] antimicrobial, [11, 12] anti-hepatotoxicity, [13, 14] antiplasmodial, antitrypanosomal and antimalarial. [15] Therefore, the present study was undertaken to elucidate the macroscopical and microscopical features of the leaf and root of E. viride. These investigations will be useful in establishing the authenticity of E. viride in herbal drugs and in monitoring the quality parameters for the formulation of new drugs.
MATERIALS AND METHODS

Plant material
Healthy plants for the study were collected during the summer (June) of 2011 from Srirangam, Trichy, Tamil Nadu, India. The plant material was authenticated by Dr. P. Jayaraman, Scientist, Plant Anatomy Research Centre (PARC), Tambaram, Tamil Nadu, India. A voucher specimen of the plant (PARC/2012/1152) was deposited in the herbarium of Department of Plant Biology and Biotechnology, Loyola College, Chennai, India.
Macroscopic evaluation
Macroscopical characters like shape, size, colour and odour of the plant parts were examined.
Microscopic evaluation
Collection and preparation of specimens
The plant material was collected freshly and care was taken to select healthy and disease free plant parts. The leaf and root samples were fixed in FAA (Formalin 5ml + Acetic acid 5ml + 70% ethyl alcohol 90ml). After 24h of fixing, the plant specimens were dehydrated with graded series of tertiary-butyl alcohol (TBA) as per the protocol described by Sass. [16] Infiltration of the specimens was carried out by gradual addition of paraffin wax (melting point 58-68°C) until TBA solution attained super-saturation. The specimens were then cast into paraffin blocks.
Sectioning
The paraffin embedded specimens were sectioned (10-12μm thick) using rotary microtome (Wesvox Indian rotary microtome, India). The sections were dewaxed according to Johansen [17] and stained with toluidine blue polychromatic stain. [18] Other standard staining solutions like safranin, fast-green and iodinepotassium iodide were also used wherever necessary. To study the stomatal morphology, venation pattern and trichome distribution, paradermal sections (sections parallel to the leaf surface) were taken by hand peeling. Clearing of leaf was done using 5% sodium hydroxide or epidermal peeling by partial maceration employing Jeffrey's maceration fluid. [16] The cleared materials were mounted on glycerin for observation.
Quantitative microscopical analysis
Quantitative leaf microscopical parameters like palisade ratio, stomatal number, stomatal index, vein islet number and vein termination number were determined on epidermal strips as described by Wallis [19] and Trease and Evans. [20] Powder microscopy Leaves and roots of the plant were powdered well and passed through sieve No. 60. The powdered materials were treated with NaOH, mounted on glycerin after staining and different cell components were observed.
Photomicrographs
Photomicrographs were taken using bright field microscope attached with Nikon Labophot-2 camera under different magnifications. Polarized light was employed for the study of crystals, starch grains and lignified cells.
RESULTS AND DISCUSSION
Macroscopic evaluation
Ecbolium viride (Forssk.) Alston is an erect glabrous shrub which grows up to 2.5m in height ( Fig. 1a,b ). Leaves were dark green, about 14.5cm long, 6.5cm broad and elliptic to ovate in shape ( Fig. 1c ). Leaf apex was acute with thin and coriaceous lamina. Inflorescence was terminal or axillary. Bracts had brownish margins, imbricate, rotund, 3cm, apiculate, and bracteoles were 2, lanceolate and smaller ( Fig. 1d ). Calyx was pentalobed, subequal, shortly decurrent, valvate, lanceolate, 5mm, glandular pubescent and acuminate. Corolla was bluish green, 4 × 0.3cm across, tube narrowly cylindric, five lobes, imbricate, glandular pubescent with 2 lipped, upper lip linear, 1.2cm, shortly forked, lower lip spreading with 2 wing like lateral lobes, 1.5cm and acute ( Fig. 1e,f ). Stamens two, attached at the base of upper lip, exerted, filaments flattened, 2mm, anther cells oblong, parallel, unequal, 2.5mm and muticous. Ovary oblong to globular, bicarpellary, syncarpous, 3 × 1mm, 2 ovuled, style filiform, hairy below, 3.5cm and stigma capitate. Capsule ovoid compressed, 2 × 0.8cm with a basal peak, seeds 2, orbicular, tuberculate and retinacula curved. Roots were circular with dark fissured surface and measured 4mm in diameter ( Fig. 1g,h ).
Microscopic evaluation
The photomicrographs of leaf and root sections were remarkably good with staining by rendering pink colour to the cellulose walls, blue to lignified cells, dark green to suberin and blue to the protein bodies.
Transverse section of leaf
Midrib
The leaf consisted of fairly prominent midrib which has broad semi-circular adaxial part and thick hemispherical abaxial part (Fig. 2a ). The epidermal layer of the midrib was thinner than the epidermis of the lamina. The epidermal cells of the midrib were small and thick walled. Inner to the epidermis, 3 or 4 layers of small angular collenchyma cells were observed. On the adaxial part, a band of the palisade cells was transcurrent beneath the collenchyma tissue. The remaining ground tissue was parenchymatous comprising circular, compact thin walled wide cells. The vascular strand was wide and deeply bowl shaped and comprised several long, narrow files of small angular thick walled xylem elements. Phloem elements were located in small groups in close layer along the lower end of the xylem strand (Fig. 2b) .
Lamina
The lamina was 170µm thick and distinctly dorsiventral. The adaxial epidermal cells (30µm thick) were quite thick and squarish to rectangular in shape. The cuticle was very thick with smooth surface. Some of the epidermal cells were dilated into wide horizontally elongated cells called lithocysts, which possess cylindrical cystolith (Fig. 2c) , in size. The stoma was diacytic type. A stoma had two subsidiary cells; the common wall of the subsidiary cells was at right angle to the long axis of the guard cells ( Fig. 2f ). Lithocysts were long, wide and possessed elongated thin cylindrical calcium carbonate cystolith which was 550µm long and 35µm thick (Fig. 2g) . Similar observations were made in Trichanthera gigantea. [24] Venation pattern Due to dense growth of the epidermal trichomes, the veins were not distinctly visible. The veins were thin, straight and densely reticulate with wide vein islets (Fig. 3a) . The vein islets were wide, variable in size and shape and fenced by thin vein boundaries. The vein terminations were present in almost all islets. They were unbranched, long and slender. Some terminations were branched once or twice (Fig. 3b ).
characteristic of the family Acanthaceae as reported by Kumar and Paliwal. [21] Glandular epidermal trichomes were occasionally seen on the abaxial epidermis (Fig. 2d ). The glands (20µm high and 40µm wide) were sessile and they arise from small epidermal cells. The glands were capitate type and consist of 2-4 celled spherical darkly stained body. Such glandular trichomes were observed in Justicia brandegeana on the abaxial surface of leaf. [22, 23] 
Epidermal cells and stomata
The epidermal cells and stomata were studied from the surface view of paradermal sections of the lamina. The epidermal cells were amoeboid in outline due to waxy anticlinal walls ( Fig. 2e ). Stomata were dense and random in distribution. The guard cells were 12 × 15-20µm 
Crystal distribution
The family Acanthaceae is known for its epidermal cells that develop cystolith calcium carbonate crystals as a defense mechanism. [25] Calcium carbonate crystals were viewed under polarized light microscope. Cystoliths turned black (Fig. 3c ) and the surface of the cystolith appeared echinate (Fig. 3d) . Calcium oxalate crystals of rosettes were also observed. The rosettes have central core of organic substances (Fig. 3e ). Calcium oxalate prismatic particles were found surrounding the central core (Fig. 3f ). Crystals appeared bright under dark background. This is due to the birefringent property of crystals. Calcium oxalate crystals in the leaf cells reflect light toward photosynthetic cells, especially in shaded conditions and may aid in the survival of the plants. [26] Quantitative microscopical analysis
The leaf constants, i.e. stomatal number, stomatal index, palisade ratio, vein termination and vein islet number are presented in Table 1 .
Transverse section of root
The surface of the root (1.6µm thick) was covered with thick dark crust formed by disintegrated epidermis and periderm. Periderm was one or two layered, located visibly inner to the dark surface layer (Fig. 4a) . The cortex was 7-9 layered. The cortical cells were tangentially elongated and elliptical. Some of the cortical cells were dilated into elongated elliptical lithocysts. Secondary xylem (2.3µm thick) was wide and solid dense cylinder in appearance. Secondary xylem had no growth rings. The vessels were diffuse in distribution. They were distributed in several radial lines spreading from the centre towards the periphery. The vessels (10-15µm wide) were solitary, circular and thick walled. Xylem rays were fairly distinct. The ray cells were thick walled and lignified. Xylem fibers were heavily thick walled and lignified (Fig. 4b) . The cell lumen was narrow. Secondary phloem was in narrow continuous zone. The phloem elements were small, compact and random in arrangement (Fig. 4c ).
Powder analysis
Powder microscopy of leaf
The powder was green in colour with no characteristic odour and taste. Leaf powder was examined under the microscope and it showed the presence of fragments of lamina, glandular trichomes and epidermal tissue. 
Fragments of lamina
Fragments of lamina bearing non-glandular and glandular trichomes were common in the powder. The nonglandular trichomes were dense and diffuse in distribution. The trichomes (130-300µm long and 15µm thick) were 2 or 4 celled, unbranched, narrow, long and tapering at the end. The cell walls were thick and the surface was finely echinate (Fig. 5a ). Trichomes help to protect against direct sun exposure and insulate the plant from wind which further reduces evapotranspiration. [27] It also prevents small animals and insects from reaching the plant surface.
Glandular trichomes were found to be less frequent. The glands were peltate type. They have short, onecelled stalk and circular plate of multicellular head. The head (30µm in diameter) consists of four triangular cells which radiate from centre, forming a compact circular disc (Fig. 5b) . The presence of glandular trichomes in many of the medicinal plants is considered indicative of the concentration of secondary metabolites with pesticidal, pharmacological and fragrant properties. [28] The presence of different types of trichomes in Acanthaceae and Asteraceae are used as an aid for taxonomical identification. [29, 30] 
Epidermal tissue
Epidermal tissue showing diacytic stomata were frequently seen in the powder (Fig. 5c ). The epidermal cells have highly waxy anticlinal walls and the cells were amoeboid in outline. Cylindrical worm like cystolith was found diffusely distributed in the mesophyll. The surface of the cystolith was echinate. The occurrence of cystoliths in various parts of the plant has always been considered as a useful character in identification and it has often proved to be of systematic value. [31] [32] [33] [34] 
Powder microscopy of root
The powder was light green in colour with no characteristic odour and taste. Isolated xylem elements were seen in the root powder when viewed under microscope. The elements include fibers and vessel elements. This result is in support with the findings of Balakrishnan et al. [35] Fibres There were two types of fibres seen in the powder. The narrow fibres (700µm long and 10µm thick) have thicker walls and narrow cell-lumen ( Fig. 5d,e ). Wide fibres (550µm long and 20µm thick) have thin walls and wide lumen. Their ends are more or less abruptly tapering (Fig. 5f ).
Vessel elements
The vessel elements (310-330µm long) were invariably narrow, long and cylindrical (Fig. 5g ). Some of them have long or short tails. The end wall perforation was simple, circular and oblique (Fig. 5h ). The pits on the lateral walls were minute, multi-seriate and bordered (Fig. 5i ).
CONCLUSION
In conclusion, standardization is an essential measure for quality, purity and sample identification. Leaf anatomy and powder microscopy of E. viride have been studied for the first time. Macroscopical and microscopical evaluations reported in the present study are sufficient enough to identify and authenticate the plant material. Thus pharmacognostical evaluation of E. viride will provide useful information for its identification and for further isolation of valuable secondary metabolites from this important medicinal plant.
